Iron chlorin e 6 (FeCe6) has recently been proposed to be potentially antimutagenic and antioxidative. However, the antioxidant property of FeCe6 has not been elucidated in detail. In this study, we investigated the ability of FeCe6 to scavenge hydroxyl radical and to protect biomolecules and mammalian cells from oxidative stressmediated damage. In electron spin resonance (ESR) experiments, FeCe6 showed excellent hydroxyl radical scavenging activity, whereas its iron-deficient molecule, chlorin e 6 (Ce6) showed little effect. FeCe6 also significantly reduced hydroxyl radical-induced thiobarbituric acid reactive substance (TBARS) formation and benzoate hydroxylation in a dose-dependent manner. The rate constant for reaction between FeCe6 and hydroxyl radical was measured as 8.5؋10
Reactive oxygen species (ROS), inevitably produced from various biological reactions, have been implicated in the pathogenesis of many diseases. [1] [2] [3] Although endogenous antioxidant defense systems protect cellular homeostasis from the toxic effects of these oxygen metabolites, 1, 4) ROS are able to induce severe injury under oxidative stress conditions in which the balance between prooxidant and antioxidant is disrupted like inflammation 5) and ischemia-reperfusion injury. 6, 7) With a sudden increase in the intracellular oxidant level, bacteria rapidly cope with these circumstances by transcription of several antioxidant genes, sensitive to a specific oxidant, whereas mammalian cells lack these adaptive defenses. 4, 8) Mammalian cells are thus more susceptible to a sudden increase in ROS level and more adaptable to the beneficial effects of therapeutic antioxidants. Hydroxyl radical is the most reactive substance among several toxic oxygen metabolites, and it is able to attack most organic compounds in biological systems. 9 ) Accordingly, it is considered to be an important subject to seek an efficient hydroxyl radical scavenger for therapeutic purposes and many compounds have been examined for their scavenging abilities toward hydroxyl radical. 10) Chlorophyll, abundant in green vegetables, has been the topic of considerable interest for its potential antimutagenic role based on the fact that the antimutagenic activity of certain vegetables is strongly correlated with their chlorophyll content. 11) However, the water-insoluble property of chlorophyll has led many investigators to use several water-soluble derivatives in studies on its biological effect. Chlorophyllin (CHL), widely studied as a chlorophyll derivative, has been shown to inhibit the mutagenicity of various chemicals. 12, 13) Although its precise antimutagenic mechanism is not clear, its antioxidant property has been proposed to be one possible mechanism. [14] [15] [16] Previous reports demonstrated that commercial CHL consists of a few kinds of copper chlorophyll derivatives. 15, 17) Among them, two chlorin compounds, copper chlorin e 6 (CuCe6) and copper chlorin e 4 (CuCe4), were suggested to be the major components responsible for the antioxidant activity of CHL. 15) This finding presented the possibility that some chlorin derivatives may be potent antioxidants.
Chlorin e 6 (Ce6)-related molecules have been studied mainly for clinical photodynamic therapy because of their photosensitizing and tumor-localizing properties, but little information is available on their antioxidant activities. 18) Sodium iron chlorin e 6 (FeCe6), as shown in Fig. 1 , has shown not only antimutagenicity to benzo[a]pyrene 19) and heterocyclic amine 20) but also SOD mimicking activity. 20, 21) Recently, FeCe6 protected natural killer cell activity against ROS-mediated inactivation 22) and inhibited lipid peroxidation in rat fetal brain 23) ; no detailed antioxidant ability of FeCe6 has yet been established, however. In this study, we sought to evaluate the ROS-scavenging ability of FeCe6 especially for hydroxyl radical. Since the toxicity of iron is lower than that of copper or manganese 24) and several iron complexes showed considerable superoxide dismutating 25, 26) and peroxynitrite scavenging activities, 27) it would be of great interest to investigate iron porphyrin compound as an oxygen free radical scavenger. Here, we present evidence that FeCe6 is a potent hydroxyl radical scavenger.
MATERIALS AND METHODS

Chemicals
FeCe6 and Ce6 were obtained from Porphyrin Products Inc. (Logan, UT, U.S.A.). H 2 O 2 was purchased from Fluka (Steinheim, Switzerland). CHL, ferricytochrome c, 5,5-dimethyl-1-pyrroline N-oxide (DMPO), xanthine, xanthine oxidase, benzoic acid, 2-deoxyribose, bovine albumin, mannitol, catalase, SOD (bovine liver), 2-thiobarbituric acid (TBA), trichloroacetic acid (TCA), ascorbic acid and 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) were obtained from Sigma Chemical Co. (St. Louis, MO, U.S.A.). Other chemicals were of analytical grade and all buffers were used after treatment with chelex 100 resin for removal of trace metal.
ESR Spectrometry Hydroxyl radical and superoxide anion were detected using DMPO as a spin trapping agent by ESR technique. 28) For the formation of DMPO-OH spin adducts, a reaction mixture (100 ml) contained 10 mM H 2 O 2 , 90 mM DMPO and chlorin compounds in 50 mM potassium phosphate buffer containing 0.1 mM EDTA, pH 7.8. The reaction was initiated by UV-irradiation (lϭ254 nm) to the mixture for 90 s, and 2 min later ESR spectra of DMPO-OH adducts were recorded using a JEOL JES-TE 200 ESR spectrometer (JEOL, Tokyo, Japan). Superoxide anion was generated from the xanthine oxidase reaction 29) and was detected as a DMPO-OOH adduct. A reaction mixture contained the following reagents at these final concentrations: 0.43 mM xanthine, 90 mM DMPO and chlorin compounds in the same buffer as mentioned above. The scanning was started exactly 2 min after the addition of xanthine oxidase (16 mU ml
Ϫ1
) to the mixture. The inhibition rate was determined on the basis of peak height. Instrumental settings were standardized as follows: microwave power, 4 mW; microwave frequency, 9.18 GHz; modulation frequency, 100 kHz; modulation width, 0.1 mT; scan range, 10 mT; sweep time, 1 min; and time constant, 0.1 s.
Determination of Hydroxyl Radical Scavenging Activity Hydroxyl radical scavenging activity was determined by the inhibition rate of TBARS and benzoate-hydroxylated product formation according to previous methods with some modifications. 9, 30) The Fenton reaction was used for generation of hydroxyl radical in both assays. In the deoxyribose degradation method, the reaction was started by the addition of H 2 O 2 at the final concentration of 0.5 mM to a reaction mixture containing 0.05 mM FeSO 4 , 0.05 mM EDTA, 0.05 mM ascorbic acid, 1.5 mM 2-deoxyribose and tested compounds at appropriate concentrations in 20 mM potassium phosphate buffer (pH 7.2). The reaction mixture (2 ml) was incubated at 37°C for 1 h, followed by the addition of both 1% (w/v) TBA solution (1 ml) and 2.8% (w/v) TCA solution (1 ml), and the mixture was heated at 100°C for 10 min. The amount of TBARS, deoxyribose-degraded products, was measured by the absorbance at 532 nm. Rate constants for reaction of tested compounds with hydroxyl radical were calculated from the slope obtained from a plot of 1/A versus sample concentration, where A is the absorbance at 532 nm in the presence of tested compound, using k deoxyribose ϭ3.1ϫ10 ) was added to a reaction mixture containing 10 mM xanthine, 10 mM ferricytochrome c, 100 U ml Ϫ1 catalase and tested compounds in 50 mM potassium phosphate buffer (pH 7.8). The reduction of cytochrome c 3ϩ was then followed at the wavelength of 550 nm for 3 min. IC 50 values were calculated from the slope, obtained from a plot of (v o /v i )Ϫ1 versus sample concentration, at (v o /v i )Ϫ1ϭ1, where v o is the reduction rate of cytochrome c in the absence of tested compound and v i is the reduction rate of cytochrome c in the presence of tested compound, as described previously.
31) The catalytic rate constants (k cat ) were calculated by the following equation:
]/IC 50 , using k cyt c ϭ3.0ϫ10
32)
Detection of DNA Cleavage and Protein Degradation by Hydroxyl Radical Fe-catalyzed and Cu-catalyzed Fenton reaction systems were used for induction of DNA singlestrand cleavage and albumin degradation. Plasmid pEGFP DNA was prepared using a Promega Wizard plus SV minipreps DNA purification kit (Promega, Madison, WI, U.S.A.). DNA (0.5 mg) was incubated at 37°C for 30 min with a reaction mixture containing 8 mM FeSO 4 /8 mM EDTA/ 80 mM H 2 O 2 or 50 mM CuSO 4 /500 mM H 2 O 2 with or without tested compounds in 50 mM potassium phosphate buffer, pH 7.4. The mixture was then analyzed by electrophoresis on a 1% agarose gel at 100 V for 2 h. To induce protein degradation, bovine albumin (8 mg) was incubated at 37°C for 24 h with a reaction mixture containing 0.1 mM FeSO 4 / 0.1 mM EDTA/1 mM H 2 O 2 or 0.1 mM CuSO 4 /1 mM H 2 O 2 with or without tested compounds in 50 mM potassium phosphate buffer, pH 7.4. After incubation, the same volume of sample buffer containing 2% (v/v) sodium dodecyl sulfate and 100 mM dithiothreitol was added to each reaction mixture. Then, the mixture was heated at 100°C for 5 min and was electrophoresed on a 10% polyacrylamide gel.
33)
Cell Culture and Cell Viability Assay Human umbilical vein endothelial cells (HUVEC, ATCC CRL 1730) were obtained from the American Type Culture Collection (Rockville, MD, U.S.A.). Cells were grown in Dulbecco's minimum essential medium (DMEM, Biowhittaker, Walkersville, MD, U.S.A.) supplemented with 10% fetal calf serum (Gibco, Grand Island, U.S.A.) at 37°C under humidified air containing 5% carbon dioxide. Cell viability was measured by MTT colorimetric assay. 34) Briefly, cells were plated and grown to 80-90% confluence in 96 well plates (Nunc, Roskilde, Denmark), and incubated for 8 h with fresh culture medium containing appropriate chlorin derivatives. The medium was then replaced by H 2 O 2 -containing medium.
After incubation with H 2 O 2 for 4 h, MTT stock solution (5 mg/ml) was added to each well and incubated for an additional 4 h. Culture medium was then removed and the formed formazan was solubilized with DMSO. The absorbance of each well was measured by a microplate reader (Molecular Devices, Sunnyvale, CA, U.S.A.) at 540 nm.
Statistical Analyses All values were expressed as meansϮS.D. of n observations. Data were statistically analyzed by unpaired Student's t-test after analysis of variance. p-values of 0.05 or less were considered significant. Fig.  2 , hydroxyl radical, generated in UV-photolysis of H 2 O 2 , was trapped by DMPO to form a stable DMPO-OH adduct (control). The signal intensity of DMPO-OH adduct was remarkably diminished by 1 mM FeCe6; the inhibition rate was approximately 77%. FeCe6 at higher concentrations than 10 mM completely inhibited DMPO-OH adduct formation, whereas its iron-deficient compound, Ce6 exhibited only 12% inhibition at a concentration of 100 mM. CHL, on the other hand, showed detectable hydroxyl radical scavenging effect in agreement with the previous finding that CHL dose-dependently scavenged hydroxyl radical in deoxyribose assay. 35) CHL reduced DMPO-OH formation with an inhibition rate of 37% at 10 mM (data not shown) and nearly 100% at 100 mM. These observations indicate that these chlorin derivatives may be potent hydroxyl radical scavengers and the metal ion-moiety of chlorin e 6 derivatives is important for this scavenging. To examine the ability of FeCe6 to scavenge hydroxyl radical in detail, we further tested its efficacy using 2-deoxyribose and benzoate as hydroxyl radical-trapping agents. Although it is controversial whether Fenton chemistry is a relevant hydroxyl radical-generating system in vivo, it is generally accepted that the majority of hydroxyl radicals are produced from metal-dependent reduction of H 2 O 2 such as the Fenton reaction.
RESULTS
Hydroxyl Radical Scavenging Effects As shown in
9) The Fe-catalyzed Fenton system was thus adopted as a hydroxyl radical source in our experiments. As shown in Fig. 3A , FeCe6 significantly inhibited the formation of TBARS, deoxyribose-degraded products. Likewise, FeCe6 diminished hydroxyl radical-induced benzoate hydroxylation in a dose-dependent manner (Fig. 3B) . In both assays, hydroxyl radical scavenging activity of FeCe6 was much higher than that of mannitol, a well-known hydroxyl radical scavenger. In fact, hydroxyl radical is extremely reactive, and thus any molecule can react very quickly with it. 36) To compare the efficacy of FeCe6 with other hydroxyl radical scavengers, we determined rate constants for reaction of chlorin compounds with hydroxyl radical by deoxyribose degradation method (Table 1) . Second-order rate constant of FeCe6 was measured as 8.5ϫ10
, which was approximately 250 times as high as that of mannitol in our assays. It was also found that Ce6 and CHL more readily react with hydroxyl radical than mannitol on the basis of rate constants.
Superoxide Scavenging Effects To evaluate the ability of chlorin derivatives to catalyze the dismutation of superoxide, we tested their superoxide scavenging activity by ESR technique and cytochrome c reduction assay. In ESR study, superoxide radical, generated from the xanthine/xanthine oxidase system, formed DMPO-OOH adduct in the presence of DMPO as shown in Fig. 4 (control) . FeCe6 reduced the signal intensity of DMPO-OOH adduct with the inhibition rate of 33% and 81% at the concentration of 10 mM and 100 mM, respectively. CHL showed the inhibition rate of 45% at 100 mM, but the inhibitory effect of Ce6 on DMPO-OOH for- a) Triplicate assays were performed for each concentration and the errors in rate constant were within 10%. Fig. 2 . Effects of FeCe6, Ce6, and CHL on DMPO-OH Formation Each solution was transferred into a 100 ml capillary after appropriate treatments as described under Materials and Methods, and placed inside the ESR cavity. ESR spectra were recorded at room temperature. mation was not significant. None of these chlorin compounds interfered with xanthine oxidase activity at tested concentrations (data not shown). These observations indicate that FeCe6 apparently scavenges superoxide anion in agreement with the previous reports. 20, 21) To confirm the SOD mimicking activity of FeCe6, we evaluated its activity using the cytochrome c reduction method. 29) As shown in Table 2 . Its relative SOD activity was higher than CHL, but not as excellent as several well-established SOD mimics, which exhibited approximately 0.1-3% of SOD activity. 25, 26, 37, 38) Considering that the spontaneous dismutation of superoxide has a rate constant of 2ϫ10 5 M Ϫ1 s Ϫ1 , 1) we reasoned that Ce6 is not active in catalyzing the dismutation of superoxide in cytochrome c reduction assay. These results suggest that FeCe6 may be a potent SOD mimicking molecule and that iron-moiety of FeCe6 may be essential for its SOD activity.
Effect of FeCe6 on Hydroxyl Radical-Induced Impairments of DNA and Protein Hydroxyl radical is likely to cause severe damage to cellular biomolecules.
1) Here, we examined the effect of FeCe6 on hydroxyl radical-induced alterations of plasmid DNA and albumin. As shown in Fig. 5 , single-strand breakage of plasmid DNA was observed when plasmid DNA was incubated with iron-catalyzed (lane 2) or copper-catalyzed Fenton reagents (lane 7). It is known that hydroxyl radical attacks the phosphodiester backbone of covalently closed circular (CCC) supercoiled DNA (form I) and consequently cleaves one DNA strand to produce relaxed circular DNA (form II). This DNA cleavage was appreciably diminished by treatment with FeCe6 at a concentration of 50 mM (lanes 3, 8) or 100 mM (lanes 4, 9) , whereas mannitol at these concentrations showed a slight protective effect on DNA breakage in the Fe-catalyzed system (lanes 5, 6), but no effect in the Cu-catalyzed system (lanes 10, 11). Since free copper ions preferably bind macromolecules, such as DNA and protein, hydroxyl radical, generated via the Cu 2ϩ /H 2 O 2 system, would rather attack adjacent biomolecules immediately than be released freely. 9, 39) On the contrary, iron-EDTA complexes are likely to produce free hydroxyl radical, preventable by hydroxyl radical scavenger, owing to the open structure of Fe-EDTA complexes. 39) For this reason, hydroxyl radical scavenger generally could not protect macromolecules against hydroxyl radical-mediated damage in the Cu 2ϩ /H 2 O 2 system. Nevertheless, FeCe6 protected plasmid DNA under Cu-catalyzed Fenton system (Fig. 5, lanes 8, 9) , and this finding verified its excellent hydroxyl radical-scavenging ability. Similar results were also obtained from hydroxyl radical-induced degradation of bovine albumin, as shown in Fig. 6 1, 2, 7) ; in the presence of 50 mM Fe-chlorin (lanes 3, 8) , 100 mM Fe-chlorin (lanes 4, 9) , 50 mM mannitol (lanes 5, 10) and 100 mM mannitol (lanes 6, 11). Form I and form II represent covalently closed circular supercoiled DNA and relaxed circular DNA, respectively. Experimental conditions are as described in detail under Materials and Methods. 2, 6 ); in the presence of 50 mM Fe-chlorin (lanes 3, 7), 100 mM Fechlorin (lanes 4, 8) and 100 mM mannitol (lanes 5, 9). Experimental conditions are as described in detail under Materials and Methods. bility was measured using MTT, which converts to an insoluble purple formazan by dehydrogenase enzymes, active only in living cells. 34) As shown in Fig. 7A , the incubation of 0.75 mM H 2 O 2 for 4 h caused a decrease in cell viability to 39% of control. Pretreatment with FeCe6 at 100 mM and 200 mM significantly restored cell survival rate to 66% and 75% in spite of 0.75 mM H 2 O 2 (pϽ0.001), while Ce6 and CHL showed no protective effect against H 2 O 2 toxicity. In addition, 100 mM FeCe6 significantly protected human endothelial cells in the presence of 0.25-1.25 mM H 2 O 2 (Fig.  7B, pϽ0.001 ), and FeCe6 at tested concentrations showed no cytotoxicity after 48 h incubation (data not shown). These results raise the possibility that FeCe6 can be used as an antioxidant drug for therapeutic purposes.
DISCUSSION
Various transition metal complexes have been investigated as a potent SOD mimetic, because transition metal is placed at the active site of natural SOD, such as Cu Zn-SOD, Mn-SOD and Fe-SOD. 41) In particular, much attention has been paid to metalloporphyrins, which demonstrated higher stability in the presence of metal chelators than other metal complexes. 41, 42) A few metalloporphyrins have shown the prominent ability to catalyze the dismutation of superoxide and to protect mammalian cells and SOD-deficient strains against intracellular superoxide-mediated injury.
8,38,43) FeCe6, a derivative of porphyrin, also exhibited SOD-like activity in a very limited number of reports, 20, 21) and prevented the injury associated with ROS in mammalian model systems. 22, 23) In the present study, we focused on evaluating its hydroxyl radical scavenging activity, which has never been explored, by in vitro assay systems.
The spin trapping technique has been widely used for detection of ROS, for it had less interference than other methods using indicator molecules. 44 ) Thus, we preferentially evaluated hydroxyl radical scavenging activities by ESR technique. FeCe6 at micromolar concentrations reduced the signal intensity of DMPO-OH adduct (Fig. 2) , and also showed prominent hydroxyl radical scavenging activity by deoxyribose degradation and benzoate hydroxylation method (Fig. 3) . It has been reported that several hydroxyl radical scavengers exerted their effect by chelating metal ions, necessary for hydroxyl radical generation in the Fenton reaction, not by hydroxyl radical scavenging. 39, 45) To exclude this possibility, a metal-free system, i.e. UV-photolysis of H 2 O 2 was used for hydroxyl radical generation in ESR experiments. Therefore, the inhibitory effects of FeCe6 and CHL on DMPO-OH formation are considered to be the result of direct hydroxyl radical scavenging. According to the previous paper, some reagents which prevent hydroxyl radical generation by reacting with H 2 O 2 might also be recognized as hydroxyl radical scavengers. 30) These reagents revealed a particular nonlinear competition plot in the deoxyribose method. 30) However, FeCe6 showed dose-dependent decreases in TBARS formation (Fig. 3A) , suggesting that it competed with deoxyribose for hydroxyl radical. Likewise, FeCe6 did not decompose H 2 O 2 as determined by monitoring of the absorbance of H 2 O 2 at 240 nm in the presence of FeCe6 (data not shown). It is thus inferred that the scavenging effect of FeCe6 toward hydroxyl radical in our systems is not attributable to its reaction with H 2 O 2 .
All tested chlorin compounds demonstrated higher rate constants for reaction with hydroxyl radical than did mannitol, a well-known hydroxyl radical scavenger, in the deoxyribose degradation method (Table 1) . Interestingly, Ce6 showed a slight inhibition of DMPO-OH formation, but a significant decrease in hydroxyl radical-catalyzed TBARS formation. Its low efficacy in ESR study can be explained as the difference in concentrations of DMPO and Ce6 in assay mixture. The rate constant for reaction between DMPO and hydroxyl radical is cited as 3.4ϫ10 9 
M
Ϫ1 s Ϫ1 in the literature, 36) but DMPO was added at a concentration of 90 mM in our ESR experiments. Consequently, Ce6 at lower concentrations than 100 mM could not compete with DMPO, because the rate constant of Ce6 with hydroxyl radical was 1.3ϫ10 10 M Ϫ1 s Ϫ1 in our experiments, which was only 3.8 times as high as that of DMPO. Especially, the rate constant for reaction between FeCe6 and hydroxyl radical was 8.5ϫ10 10 
Ϫ1 s Ϫ1 , calculated from the amount of TBARS, and this value was much higher than 1-9ϫ10 9 M Ϫ1 s Ϫ1 of various hydroxyl radical scavengers. 30, 36) These findings strongly suggest that FeCe6 is a novel hydroxyl radical scavenger. Considering that most biomolecules, including proteins, lipids and DNA, react with hydroxyl radical with rate constants of 10 10 M Ϫ1 s Ϫ1 or less, 46) FeCe6 is expected to protect these molecules effectively against hydroxyl radical in biological systems.
A few reports propose that FeCe6 possesses SOD mimick- ing activity. 20, 21) To confirm its potential ability, we measured SOD activity using ESR analysis and cytochrome c reduction method. As expected, FeCe6 dose-dependently decreased DMPO-OOH formation (Fig. 4) and inhibited superoxidecatalyzed cytochrome c reduction (Table 2) . However, FeCe6 and CHL oxidized reduced cytochrome c (data not shown), and this phenomenon apparently overestimates the SOD activity of tested compounds as stated previously. 26) To solve this problem, catalase was added to the reaction mixture in our assay, because this reoxidation was strongly dependent on H 2 O 2 , produced from the dismutation of superoxide. Although relative SOD activity of FeCe6 was somewhat lower than that of other established SOD mimics as mentioned above (Table 2 ), FeCe6 efficiently scavenged superoxide radical, generated intracellularly by menadione, in T jurkat cells (data not shown) and preserved aconitase activity, which is regarded as a specific indicator of intracellular superoxide level, 8) against paraquat in A549 cells (data not shown). These facts support the possibility that FeCe6 may be used as a potent SOD mimic for the purpose of preventing superoxide-mediated injury as reported previously. (Fig. 7) . CHL and Ce6 exhibited no protective effect in spite of in vitro hydroxyl radical scavenging effect. Similar results were also found in human lung carcinoma A549 cells (data not shown). It was proposed that catalase activity of some manganic porphyrins might be responsible for their protective effect against H 2 O 2 -induced endothelial cell injury. 42) On the other hand, nicergoline, an ergoline derivative, protected mammalian cells from H 2 O 2 by up-regulation of intracellular catalase. 48) However, FeCe6 showed negligible H 2 O 2 scavenging activity by in vitro catalase assay and it did not affect intracellular catalase or SOD activity after 10 h incubation of 100 mM FeCe6 to human endothelial cells (data not shown). Therefore, we considered that the protective mechanism of FeCe6 against H 2 O 2 toxicity is not obvious but is probably attributable in part to the hydroxyl radical scavenging effect. Further study will be needed to elucidate the precise intracellular action of FeCe6.
In conclusion, our results show that FeCe6 contains excellent hydroxyl radical scavenging activity in addition to the previously reported SOD mimicking activity. 20, 21) Moreover, FeCe6 protected cellular macromolecules and mammalian cells against oxidative stress-mediated injury, and these effects are thought to be the result of hydroxyl radical scavenging. FeCe6 is very stable like other metalloporphyrins and its iron-moiety is so tightly bound that it did not participate in the Fenton reation. 21 ) Furthermore, we observed that FeCe6 exhibited remarkable singlet oxygen ( 1 O 2 ) quenching ability as judged by the inhibition of 2,2-6,6-tetramethyl-4-piperidinol (TMP)-1 O 2 formation in ESR study (data not shown). These multifunctional antioxidant activities of FeCe6 suggest that it may be usable as a potent antioxidant for therapeutic purposes under oxidative stress conditions.
